INTRODUCTION
Pertussis or whooping cough is a highly contagious disease caused by Bordetella pertussis. Its morbidity and mortality rate is high, especially a m o n g p a r t i a l l y i m m u n i z e d individuals, and newborn infants are the highest-risk group. 1 I n A r g e n t i n a , t h e i n c i d e n c e of pertussis decreased since the introduction of the triple bacterial vaccine in the 1970s (triple bacterial: tetanus, diphtheria, and pertussis) until 2003 (639 cases; 1.8/100 000 inhabitants). Between 2003 and 2005, the number of cases increased to 2060, with a 5.7/100 000 inhabitants reporting rate. 2 The increase in the incidence of Bordetella pertussis among adolescents and young adults has turned them into reservoirs and potential vectors of pertussis among less protected risk groups, e.g. newborn infants, whose morbidity and mortality rate is much higher.
In 2009, the national immunization schedule introduced the triple bacterial vaccine against diphtheria, tetanus, and pertussis (Tdap vaccine) at 11 years old, and subsequently recommended it for pregnant women as of 20 weeks of gestation. It was first part of a campaign, which started in February 2012, and was then made mandatory as per the national immunization schedule in January 2014. 3 At present, it is indicated with each pregnancy and even for postpartum women who did not receive the vaccine during pregnancy, health care staff caring for infants younger Among those with Bordetella pertussis infection, 90% are infants younger than 1 year old (75% are younger than 6 months old); 6 50% require hospitalization, and the mortality rate ranges between 6% and 9%. 7 In Argentina, as in the Netherlands and the United States, pertussis incidence and mortality have increased over the past three decades. Failure to induce long-term immunity with present vaccines and antigenic divergence between local strains and vaccines may worsen the impact of such decreasing immunity. 8 Our hypothesis proposed that the presence of maternal antibodies was related to the presence of antibodies in newborn infants. The objective of this study was to establish the presence of antibodies against Bordetella pertussis among pregnant women in their third trimester and among newborn infants in cord blood in relation to maternal immunization.
POPULATION AND METHODS
An observational, cross-sectional study was conducted between August 2011 and May 2014 at Hospital Universitario Austral.
When the study started, the pertussis vaccine was not mandatory for pregnant women. In February 2012, the National Ministry of Health started an immunization campaign among pregnant women, and the vaccine was finally included in the national immunization schedule in January 2014.
This hospital caters for a large population from the North of Greater Buenos Aires and is the second most important maternity center in the district of Pilar. Approximately 2000 infants are born here each year; 4% of patients followed at this hospital are born in different hospitals.
All pregnant women seen at the hospital were invited to participate in the study using a written informed consent form assessed and approved by the Institutional Review Board of Hospital Universitario Austral and the Central Ethics Committee of the Ministry of Health of the Province of Buenos Aires (file n o 2919/269/11).
Inclusion criteria
Pregnant women older than 18 years old, who had given their written informed consent, had a blood sample collected during their last trimester prenatal checkup at the hospital and would have birth at this facility were included.
Vigorous newborn infants who had a cord blood sample collected large enough to measure the presence of anti-pertussis toxin antibodies were included.
Exclusion criteria
Newborn infants whose Apgar score indicated they were not vigorous or whose status prevented sample collection were excluded, as well as mothers with a twin pregnancy, who were not able to give their consent, who were younger than 18 years old at the time of consent signature, and who had not had a blood sample collected during their last trimester prenatal checkup.
Mothers who were not followed-up at the hospital or who gave birth at a different facility were excluded from the analysis.
Study procedures
Pregnant women had a blood sample collected during their last trimester prenatal checkup, and a 500 μlt serum aliquot was obtained from this blood sample and stored. Samples were anonymized and identified with an alphanumeric code.
Newborn infants had a cord blood sample collected for the determination of ABO blood group and Rhesus factor, and a 500 μlt aliquot was obtained from this sample after making the determination. This sample was labeled and matched to the corresponding maternal sample.
Samples were stored in a refrigerator at -70 ºC in the Hospital Austral laboratory.
Antibody titers were measured simultaneously in all samples once the study was completed. An Abcam's anti-Bordetella pertussis toxin (PT) IgG in vitro ELISA kit was used.
T h e f o l l o w i n g m a t e r n a l o u t c o m e measures were assessed: age, medical history, antiphospholipid syndrome, smoking, vaccination status. Pregnancy-related outcome measures included pregnancy history, such as hypertension, g e s t a t i o n a l d i a b e t e s , h y p o t h y r o i d i s m , corticosteroid use during pregnancy, smoking or alcohol use during pregnancy, number of antenatal care visits, pregnancy number, delivery mode (vaginal or C-section), infections or other diseases during pregnancy that may impact the placental-fetal unit.
Among newborn infants, outcome measures included sex, gestational age, birth weight, and Apgar score at 1 and 5 minutes.
The χ² test was used to compare prevalence rates, and a p value < 0.05 was considered significant. Statistical analysis was done using the Epi Info 7 ® software.
RESULTS
During the protocol period, 3398 infants were born at the hospital; 2883 met the eligibility criteria for the study. Out of the 215 mothers who signed the informed consent, a blood sample was obtained from 181 during their third trimester. Of these, 59 did not give birth at this hospital; also, it was not possible to obtain the cord blood sample from 11 of the infants born here for different reasons (6 were not vigorous as per their Apgar score, and the sample volume was not enough in 5). Finally, 111 mother-newborn infant dyads were included; 35 infants born from unvaccinated mothers and 76 born from women vaccinated during their second trimester of pregnancy.
The average age of enrolled mothers was 30 years old, and there were no differences between groups. Only one mother was between 18 and 20 years; 51 were between 20 and 30 years; 43, between 31 and 35 years; and 16, older than 35 years. Besides, 80% of mothers had completed secondary education; 10% were in secondary school; and 10% had completed primary education. Also, 90% had completed more than 5 antenatal care visits; and 10%, more than 3.
The average gestational age at birth was 39 weeks; 3 infants were born at 37 weeks; 19, at 38 weeks; 68, at 39 weeks; 16, at 40 weeks; and 5, at 41 weeks. The average birth weight was 3.475 kg; 7 infants had a birth weight between 2 and 2.5 kg; 58, between 2.5 and 3.5 kg; and 46, > 3.5 kg (see Table 1 ). The Apgar score at 1 minute was 7 in 2 patients born with nuchal cord entanglements and > 8 at 5 minutes in all patients.
Positive IgG antibodies were found in 92% (70/76) of infants born from vaccinated mothers whereas 100% (35/35) of infants born from unvaccinated mothers had negative results for antibodies; p < 0.001. Among vaccinated mothers, 8% of infants did not have anti-pertussis antibodies. None of these 6 mothers had a significant medical history.
No differences were observed among the studied outcome measures and the presence or absence of antibodies, except for the history of immunization.
DISCUSSION
Multiple studies have been conducted to assess the presence of protective antibodies against Bordetella pertussis among mothers and the cord blood of their infants. 9, 10 In our study, infants born from unvaccinated mothers were negative for cord blood antibodies, and most vaccinated mothers gave birth to infants positive for cord blood antibodies.
In a study conducted by Nooitgedagt et al., mothers with low antibody titers transferred a lower antibody level to the fetus, leaving their newborn infant at a higher risk for disease in the first months of life.
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In a study conducted by Fallo in Argentina to establish pertussis seroprevalence among young adults, women in their immediate post-partum period, and umbilical cord blood, total antibodies against whole-cell pertussis were measured. It was observed that both mothers and umbilical cords had low antibody titers, which evidenced lower antibody titers among 25-39 year-old women. The titer of transplacental anti-pertussis antibodies decreases in infants with a 6-week half-life and, by 6 months old, infants have no detectable anti-pertussis antibodies. Even with an effective transplacental passage, the infant's passive immunity is not enough. [13] [14] [15] According to the national immunization schedule, the whole-cell pertussis vaccine is indicated at 2, 4, and 6 months old, with a booster dose at 18 months old, 6 and 11 years old, and then every 10 years. Individuals who receive only the acellular vaccine have a lower immunity because their antibody titers reduce by 4 years following vaccine administration. 16 For this reason, as of this year, it was decided to introduce the triple acellular vaccine for pregnant women with each pregnancy.
In our study, the main outcome measure associated with the presence of cord blood antibodies was pregnant women immunization. The main factors related to transplacental antibody passage included gestational age, maternal infections, and maternal antibody titers. 17 In a study conducted by Heininger, preterm newborn infants had lower anti-pertussis antibodies, and the transplacental passage range was higher among term newborn infants. 15 Healy et al. observed that anti-pertussis toxin antibodies were lower among Hispanic teenage mothers. 18 Although that study did not include a non-Hispanic population control group, findings are consistent with those of Plans et al., who evidenced that the presence of antibodies reduced with age. 19 In turn, infants born from teenage mothers had a higher risk for pertussis. 20 In our study, no preterm infants were included, and maternal age was not related to the presence or absence of antibodies, although mothers younger than 18 years old were excluded and only one was younger than 20 years old.
The assessment of the maternal pertussis immunization program in England showed that protection was approximately 90% at 3 years of follow-up, which was sustained in spite of having changed from a triple acellular vaccine, as the one used in our study, to a pentavalent vaccine. 21, 22 T h i s s t u d y w a s d o n e d u r i n g r o u t i n e interventions provided to pregnant women at our hospital, and cord blood samples were collected once the blood groups and Rhesus factor were determined. Such characteristic has certain limitations that are worth mentioning: although pregnant women were vaccinated in their second trimester, the precise date was unknown. This may be important to assess the 8% of mothers whose infants had negative antibodies because not enough time may have elapsed for the mother to develop vaccine-induced antibodies, and antibodies may not have been high at the time of transplacental transfer.
In February 2016, an update by the UK Joint Committee on Vaccination and Immunisation (JCVI) recommended that pregnant women should ideally receive the vaccine before 28 weeks of gestation to improve antibody transplacental passage to the fetus. 23 Some studies recommend early immunization during the second trimester, with improved outcomes if done between 13 and 25 weeks of gestation. 24 The antibody kit used in this study was qualitative and provided data on the presence or absence of antibodies but does not allow to measure geometric means to establish antibody passage levels.
CONCLUSION
In the vaccinated population of this study, 92% of infants had positive IgG antibodies. This study supports the need for maternal immunization against Bordetella pertussis to provide protection to newborn infants. n
